Effect of administering black pepper (Piper nigrum Linn.), one of the commonly consumed spices and its active principle piperine, to high fat fed rats was studied for a period of 10 weeks. Black pepper at two different doses of 250 mg/kg body weight and 500 mg/kg body weight and piperine at 20 mg/kg body weight were made into a coarse solution with distilled water and administered orally by intragastric intubation daily. The plasma and tissue lipid profile showed a remarkable reduction in the levels of total cholesterol (both the free and ester cholesterol fractions), free fatty acids, phospholipids and triglycerides in black pepper as well as in the piperine treated groups. Moreover, supplementation of the high fat fed rats with black pepper or piperine elevated the concentration of high density lipoprotein-cholesterol and reduced the concentrations of low density lipoprotein-cholesterol and very low density lipoprotein-cholesterol in the plasma as compared with the levels in unsupplemented high fat fed rats. Thus dietary intake of black pepper or piperine was found to reduce the risk of atherosclerosis markedly by virtue of its hypolipidemic and antiatherogenic effects. 
is taken up by macrophages through the scavenger pathway, followed by massive accumulation of lipids in macrophages, resulting in the formation of lipid laden cells (foam cells) [3, 4] . High density lipoprotein (HDL) plays a vital role in the transport, regulation of delivery of lipids to cells and tissues and also prevents the cytotoxic actions of LDL. According to several studies, there is an inverse relationship between HDL-cholesterol and the incidence of coronary heart disease [5, 6] . Increased ratio of total cholesterol/ phospholipid (C/P ratio) is also attributed to high incidence of atherosclerosis [7] .
Spices, unique compounds in enhancing flavor, are given a preferred legal status because of the long history of their use in foods. They are pungent or aromatic substances of vegetable origin used as food adjuncts. Among the spices, black pepper (Piper nigrum Linn.), called the `King of spices,' is one of the oldest and best-known spices in the world. Traditionally, in India, black pepper was used as a carminative and stimulant of gastric secretion. Black pepper contains essential oils, piperine, chavicine, piperidine and piperettine. Earlier studies show that black pepper has an anti-inflammatory effect [8] , enhances ileal muscle contraction [9] , and prevents experimental liver toxicity [lo] and carcinogenesis [11] . There are no sufficient reports presently available to define clearly the role of black pepper in the metabolism of lipids. So we studied the effect of administering black pepper and its active principle, piperine ( Fig. 1 ) (E, E-piperoyl piperidine, an alkaloid) on the lipid profile in rats fed a high fat diet.
MATERIALS AND METHODS

Chemicals.
Cholesterol extra pure and palmitic acid were purchased from the Central Drug House (P) Ltd., Mumbai, India. Triolein was purchased from Sigma Chemical Co., St. Louis, M0. The reagent kits for HDL and total cholesterol estimation were obtained from Span Diagnostics Ltd., Surat, India. All other solvents and chemicals used were of analytical grade and the solvents were distilled before use.
Plant material. Black pepper (Piper nigrum Linn., family Piperaceae) was purchased from the local market and the botanical identity confirmed by the Botany Department of Annamalai University. The pepper pods were thoroughly dried and made into a fine powder.
Extraction of piperine. Black pepper was finely powdered, treated with alcohol and the extract evaporated to dryness. The residue was extracted with ether and the ethereal solution was washed successively first with 10% sodium hydroxide and then with water. The ether layer (upper) was evaporated and the residue was crystallized from alcohol to yield piperine. The yield obtained was 4.5% (w/w). The purity of piperine extracted was 98%. This was checked by assessing its melting point and confirmed using thin layer chromatography. Animals. Healthy adult male Wistar rats (95-115 g) were procured from The Central Animal House, Rajah Muthiah Medical College, Annamalai University, Annamalainagar. The animals were housed two per plastic cage with filter tops under controlled conditions of 12 h light/12 h dark cycle, 50% humidity and at 28°C. They were maintained in the respective diets as indicated below and water was given ad libitum.
Experimental design. The rats were divided into five groups. The high fat diet comprised of 20 mg/kg body weight coconut oil and 500 mg/kg body weight cholesterol. This was mixed with the standard pellet diet (Lipton Lever Ltd., Mumbai, India) and given to the rats in groups 2, 3, 4, and 5. The control animals in group 1 were given only the standard pellet diet. The standard pellet diet comprised of 21% crude protein, 5% fat, 4% crude fiber, 8% ash, 1 % calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamins and 55% nitrogen-free extract (carbohydrates). The average food intake by each rat per day was 15-17 g.
Group 1: Control Group 2: High fat diet (HFD) Group 3: HFD+250 mg/kg body weight black pepper [piperine content 4.5% (w/ w)] in aqueous solution was given by intragastric tube daily Group 4: Same as group 3 except black pepper dose was 500 mg/kg body weight Group 5: HFD+piperine (20 mg/kg body weight) in aqueous solution, given by intragastric tube daily The low dose of black pepper used here (250 mg/kg body weight) was based on the average daily intake by Indians learned by a survey conducted in India [12] . We have also included a dose of 500 mg/kg body weight black pepper to assess whether it was more effective.
The animals were maintained in their respective groups for 10 weeks, and monitored closely every day and weighed every week. At the end of the experimental period, after an over night fast the rats were administered light ether anesthesia and sacrificed by cervical decapitation. Blood was collected in heparinized tubes and processed for the determination of lipids and lipoproteins. Liver, heart, kidney, intestine and aorta were cleared of adhering fat, weighed accurately and used for the preparation of homogenate.
Lipids were extracted from plasma and tissues by the method of Folch et al. [13] and used for the estimation of free and ester cholesterol [14] , phospholipids [15] , free fatty acids [16] , and triglycerides (TG) [17] . The atherogenic index, very low density lipoprotein (VLDL)-cholesterol and LDL-cholesterol were calculated using the following formulae:
Atherogenic index =Total cholesterol/HDL-cholesterol VLDL-cholesterol=TG/5 LDL-cholesterol=Total cholesterol-(VLDL-cholesterol+HDL-cholesterol) Statistical analysis.
All the results obtained were expressed as mean±SD of 6 rats in each group. Statistical significance of difference in means was analyzed by Student's ttest. A one way analysis of variance (ANOVA) was done and the F-ratio calculated [18] .
The statistical significance was set at 5% (p<0.05). Table 1 shows the average weight gained by rats in the different groups during the 10-week experimental period. The rats fed high fat diet (group 2) had a significantly higher final body weight than the control rats (group 1). Treatment with black pepper or piperine did not alter the weight gain significantly (groups 3, 4, and 5).
RESULTS
Significantly elevated levels of plasma total, ester and free cholesterol were observed in rats fed a high fat diet (group 2) as compared to control rats (group 1). (Table 2 ). Administration of black pepper (250 mg or 500 mg/kg body weight) and piperine (20 mg/ kg body weight) to rats fed high fat diet (groups 3, 4, and 5) significantly lowered the concentration of plasma total cholesterol as compared to animals fed the unsupplemented high fat diet. Similarly treatment with black pepper or piperine along with the high fat diet reduced the plasma free and ester cholesterol levels significantly as compared to those on an unsupplemented high fat diet (group 2). In addition, treatment with black pepper at 500 mg/kg body weight had more or less a similar hypocholesterolemic effect as that of treatment with piperine at 20 mg/kg body weight.
The concentration of both plasma phospholipids and free fatty acids were significantly higher in rats fed the high fat diet (group 2) as compared to control animals (group 1) ( Table 2 ). Administering black pepper or piperine simultaneously along with the high fat diet reduced plasma phospholipids and free fatty acid levels significantly as compared to those on an unsupplemented high fat diet (group 2).
The atherogenic index (AI) indicated in Table 2 also shows significantly higher values in rats fed the high fat diet (group 2) than control animals (group 1). But there was no significant alteration in rats treated with black pepper or piperine along with the high fat diet (groups 3, 4, and 5), as compared to control rats (group 1). Table 2 indicates significantly elevated concentration of plasma TG in rats fed the high fat diet (group 2) as compared with control rats (group 1). The plasma TG levels were not altered significantly in rats simultaneously treated with black pepper at dose of 250 mg/kg body weight (group 3), but significantly decreased when given black pepper at dose of 500 mg/kg body weight or piperine (20 mg/kg body weight) (groups 4 and 5) along with the high fat diet as compared with those rats fed an unsupplemented high fat Values are mean+SD of 6 rats from each group. .001. #F-ratio significant at 5% level. diet (group 2). A similar result was observed in the VLDL-cholesterol concentrations. Three-fold increase in LDL concentration, in rats fed the high fat diet (group 2) was observed as compared with control rats (group 1). Rats treated with black pepper (250 mg or 500 mg/kg body weight) and piperine (20 mg/kg body weight) along with the high fat diet (groups 3, 4, and 5) significantly reduced the levels of LDL cholesterol as compared with those on unsupplemented high fat diet. Table 2 indicates that the HDL cholesterol concentration was significantly lowered in the high fat diet-fed rats as compared with the control. It was significantly elevated in rats treated with black pepper at dose of 500 mg/kg body weight (group 4) and piperine (20 mg/kg body weight) (group 5), but not altered in rats that received black pepper at dose of 250 mg/kg body weight (group 3) along with the high fat diet as compared with rats fed an unsupplemented high fat diet (group 2). Treatment with black pepper at 500 mg/kg body weight had a similar effect as that of piperine at 20 mg/kg body weight on the levels of TG and lipoproteins. Tables 3, 4 , and 5 shows the concentration of lipids in tissues such as liver, heart, kidney, intestine and aorta. The concentration of free cholesterol, ester cholesterol, free fatty acids and phospholipids were significantly elevated in all the above tissues of rats fed the high fat diet than the control rats. Administering black pepper or piperine along with the high fat diet simultaneously significantly reduced the tissue lipid levels as compared with those rats on unsupplemented high fat diet. But black pepper given at a dose of 250 mg/kg body weight (group 3) did not significantly alter free cholesterol in the heart, ester cholesterol in the kidneys and intestine, and phospholipids in the kidneys and aorta.
DISCUSSION
Our results clearly show that treatment with black pepper and piperine brings about Values are mean±SD of 6 rats from each group. aAs compared with control rats. bAs compared with high fat diet-fed rats. p<.05, p<0.01, and * p<O.OOI. #F-ratio significant at 5% level.
profound alterations in the concentration of tissue and plasma lipids and lipoprotein levels. The high fat fed rats showed a significantly higher weight gain than the control rats as expected, but there was no significant alteration in the weight gain of rats on simultaneous supplementation with black pepper or piperine. Increased intake of saturated fatty acids results in increased cholesterol production [19] . Moreover it is known that due to the high content of saturated fatty acids in coconut oil, the levels of apolipoprotein B, the major apoprotein in LDL, increase [20] . LDL is the protein that transports cholesterol synthesized in the liver to extrahepatic tissues, and therefore its increase is a risk factor for coronary heart diseases [21] . We observed a significant increase in the levels of both free and ester cholesterol in the plasma of rats fed a high fat diet. This high cholesterol concentration in circulation may damage the endothelial cells lining the large arteries and aorta and may be an initial event in the etiology of atherosclerosis. In our study rats treated with black pepper or piperine along with the high fat diet showed significantly reduced levels of ester or free cholesterol as compared with control rats. Previous researchers have shown that black pepper at low doses (0.5%) induces mild alterations in the metabolism of cholesterol by stimulating cholesterol 7a-hydroxylase activity [22] . Elevated activity of this rate-limiting enzyme implies an increase in the utilization of cholesterol for bile acid synthesis. Our observations also correlate with these findings as both black pepper and piperine treatment showed a significant hypocholesterolemic effect. Marked reduction in the cholesterol levels may be attributed to the significantly higher dose of black pepper given to rats in this study.
Our data also show that plasma phospholipids were significantly reduced on treatment with black pepper or piperine to rats on a high fat diet as compared with rats on an unsupplemented high fat diet. This may also be due to the higher bile acid output, on black pepper or piperine treatment resulting in increased biliary secretion of cholesterol and phospholipids. The reduced concentration of phospholipids may also be due to the enhanced activity of phospholipases. Moreover, the levels of plasma free fatty acids were significantly higher in rats fed the high fat diet than the control rats. These increased levels of plasma lipids are easily susceptible to oxidation, which in turn can affect all types of cells and tissues. Thus, oxidative tissue damage can release the membrane lipids such as, free fatty acids and phospholipids [23] . The increased levels of plasma free fatty acids could further lead to increased synthesis of phospholipids and cholesterol esters. Treatment with black pepper or piperine along with high fat diet did not elevate the free fatty acid concentration perhaps because piperine present in the black pepper has an inhibitory action on the lipogenic enzymes.
Intake of high fat diet leads to a significant increase in the levels of TG rich lipoproteins in the plasma [24] . The removal of TG from circulation involves the hydrolysis of TG present in the chylomicrons and VLDL by lipoprotein lipase (LPL). Moreover adipose tissue LPL activity is known to be lowered in high fat fed rats [25] . Our results also correlate with the above findings, as significantly higher levels of plasma TG were observed in the high fat fed rats than control animals. Administering black pepper or piperine along with the high fat diet significantly lowered the TG levels, which have resulted Vol. 32, 2002 from stimulation of the activities of skeletal muscle lipoprotein lipase and adipose tissue hormone sensitive lipase by pepper, resulting in increased uptake of TG from the plasma by skeletal muscle and adipose tissue. Decreased levels of free fatty acids on piperine supplementation may also be a cause for the reduced TG levels.
Both VLDL and LDL are known to have a positive role in atherosclerosis [26, 27] . Oxidation of LDL, the major cholesterol carrying protein in blood, is implicated in the initiation as well as progression of atherosclerotic lesions, in coronary heart diseases. The oxidative modification of lipids and lipoproteins in LDL can ultimately result in the uptake of lipoproteins by arterial cells [28] . Furthermore, coconut oil consumption is known to elevate plasma LDL and VLDL levels in chicks [29] . Our results are also similar to these findings. Studies have shown that piperine, an alkaloid present in black pepper has antiperoxidative effects [30] . Thus the lower LDL levels observed on treatment with black pepper or piperine along with the high fat diet may be due to the antioxidant effect of black pepper. Epidemiological studies have established the important role of HDL, as a protective agent against the development of coronary heart disease [6, 31] , and it is now considered as the main antiatherogenic lipoprotein [32] . It helps to scavenge cholesterol from extrahepatic tissues in the presence of lecithin: cholesterol acyl transferase (LCAT) and brings it to the liver [33] . Our results also show that HDL-cholesterol levels were significantly lower in rats receiving the high fat diet than control rats. Supplementation with black pepper or piperine significantly elevated the plasma HDL-cholesterol levels may be due to increased activity of LPL and LCAT. In this context, previous studies have shown that elevated activity of plasma LPL and LCAT leads to a rise in HDL-production and a decrease in LDL constituents [34] .
A high atherogenic index is also a major criterion in atherosclerosis. The atherogenic index was significantly high in high fat fed rats. But the rats treated simultaneously with black pepper or piperine did not show any significant change in atherogenic index.
The concentration of free and ester cholesterol, free fatty acids, and phospholipids in liver, kidney, heart, intestine and aorta were higher in rats fed the high fat diet than control rats indicating their accumulation in these tissues during an increased intake of saturated fat. The elevated levels of lipids in tissues can be correlated with the increased levels of plasma LDL observed on treatment with the high fat diet.
Administering black pepper or piperine lowered the accumulation of lipids in tissues by reducing extrahepatic transport (lowered LDL levels) and enhancing the peripheral removal of lipids via HDL, which transports excess peripheral tissue lipids to liver for excretion. In addition, black pepper or piperine known to have antioxidant property [35] may reduce the susceptibility of lipids to oxidation and stabilize the membrane lipids thereby reducing oxidative stress.
Thus black pepper administered simultaneously along with the high fat diet significantly lowered the concentration of plasma lipids and lipoproteins. This can be attributed to the presence of piperine in black pepper, as our findings show that piperine per se also has a marked hypolipidemic effect.
Thus our results show that the active principle of black pepper, piperine as well as black pepper pods as a whole at small doses has a protective action against high fat induced oxidative stress to the cells.
